Summary. Segregation of HLA-DR2 among affected and unaffected offspring was studied in 66 HLA-genotyped families with Type 1 diabetes in whom at least one parent carried DR2. The frequency of DR2-positive parents (21%) was not different from that of control families (29%). Among the diabetic probands, the gene frequency of DR2 was significantly decreased compared with control subjects (0.05 versus 0.17, p< 0.001) as were DR5 (0.07 versus 0.17, p< 0.01) and DR7 (0.06 versus 0.13, p < 0.003). Twenty probands carried DR2, in 11 of whom (55%) it was found in combination with either DR3 or DR4. The nine cases who carried another DR allele included one who was DR2 homozygous. Transmission of DR2 was reduced in affected offspring, and random in unaffected siblings, compared with the expected ratio. However, when the DR2 transmission was analysed separately for parents bearing DR2 with DR3, DR4 or another DR allele, it appeared that DR2 transmission to affected offspring was random when the parents carried neither DR3 or DR4, the transmission deficit being due to over-transmission of DR3 and DR4. The haplotype analysis showed that the haplotype A3, Cw7, B7, BfS, DR2, found in 19% of "non-diabetic" DR2 haplotypes was practically absent among "diabetic" DR2-haplotypes (4%). In conclusion, population and segregation analysis could not demonstrate a specific protective effect of DR2.
A negative association between HLA-DR2 and Type 1 diabetes has been recognized in practically all populations and ethnic groups studied [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, its significance is still unclear. It could be explained by a resistance gene in linkage disequilibrium with DR2 or in negative linkage disequilibrium with the susceptibility gene, or be merely secondary to the increased frequency of DR3 and DR4. Another hypothesis would be the heterogeneity of DR2, a subtype of which could confer resistance to Type I diabetes.
To date this problem has been poorly investigated [11, 12] , possibly because of insufficient material, since most Type 1 diabetic series reported include very few or no DR2-positive patients. In this study we report a series of 66 families with Type 1 diabetes with at least one DR2-positive parent, in whom we have analysed the segregation of DR2 among diabetic and non-diabetic offspring.
Subjects and methods
In 171 out of 200 HLA-typed families ascertained through probands with Type I diabetes (onset before the age of 30 years), unequivocal HLA-DR genotypes could be established in both parents and their offspring having obtained their informed consent. Sixty-six of these families were selected for the present study because at least one parent carried DR2. Their offspring included 66 probands with Type 1 diabetes (29 males and 37 females, mean age at onset 9.5 years), eight diabetic siblings and 91 unaffected siblings. Fifty-two normal families (104 unrelated parents) served as controls.
All subjects were typed for HLA-A, -B, -C, -DR and Bf following techniques described previously [3] . Gene and haplotype frequencies were obtained by direct counting. Linkage disequilibrium of the DR2 haplotype (A and Ds) was calculated according to Dausset et al. [13] .
Results

Frequency of DR2 in parents and probands
Among the 342 parents of 171 families with Type I diabetes, 73 parents from 66families carried DR2 (21%). This frequency was not significantly different from that found in the 52 control families (29%). Four DR2-positive and two DR2-negative parents in these families had Type 1 diabetes.
In seven families both parents were DR2-positive, one of whom was homozygous; in one family, one of offspring is shown for all DR2-positive parents, whatever the second DR-allele (DR2/*) and separately for parents bearing DR2/DR3, DR2/DR4, or DR2 combinations with alleles other than DR3 or DR4 (DR2/x ). p values indicate statistical differences between affected and unaffected offspring the parents was DR2 homozygous and in 58 families, one parent was DR2 heterozygous. Twenty probands carried DR2 (seven males, 13 females, mean age at onset of diabetes 6.9 years). The gene frequency (0.05) was significantly lower than in the controls (0.17, p< 0.001; RR: 0.27). DR5 and DR7 were also observed at lower frequencies (0.07 and 0.17 for DR5 in patients and control subjects respectively; p< 0.01; RR: 0.30; 0.06 and 0.13 for DR7, p<0.003; RR: 0.37).
DR2 was observed in the following allelic combinations: DR2/DRA (n = 5), DR2/DR2 (n = 1); DR2/DR3 (n = 5); DR2/DR4 (n = 6); DR2/DR6 (n = 1); DR2/ DR7 (n = 2). No serological heterogeneous pattern of reactivity was observed in patients using local DR2 aliaantibodies. Analysis with sera of the 9th Workshop is in progress.
Segregation of DR2
Among the offspring of six families in whom both parents were DR2 iheterozygous, the frequency of DR2 was decreased in probands (1 out of 6; 17%), and random in unaffected siblings (5 out of 7; 71%) compared with the expected frequency of 75% for Mendelian transmission.
In 58 families with one DR2 heterozygous parent, DR2 was also less frequently transmitted to probands (17 out of 58; 29%) and diabetic siblings (2 out of 8; 25%), but randomly transmitted to unaffected siblings (40 out of 73; 5,4%) in comparison with the expected ratio of 50% (p< 0.03).
To exclude the bias introduced by selection of Type 1 diabetic patients from DR3 and DR4-positive individuals, we analysed separately the transmission of DR2 for parents bearing DR2/DR3, DR2/DR4 and DR2/DRx, where x includes all DR alleles other than DR3 and DR4 (Fig. 1) . DR2/DR3 and DR2/DR4-positive parents more often transmitted DR3 and DR4 to affected offspring than DR2. On the other hand, parents who carried a second DR allele other than DR3 or DR4 transmitted DR2 randomly. Transmission of DR2 to unaffected siblings was random in all cases.
D R2-haplotypes
The haplotype segment B7, BfS, DR2 which is found in linkage disequilibrium in Caucasoid populations (A 0.03, Ds 0.429 in our control subjects) was also in linkage disequilibrium among the Type 1 diabetic patients (A 0.018, Ds 0.417). However, the weaker linkage disequilibrium of the whole haplotype A3, Cw7, B7, BfS, DR2 in control subjects (Ds 0.24) was not observed in Type 1 diabetic patients (Ds 0.06).
We have compared the prevalence of this haplotype and its segment among DR2-positive 'diabetic' haplotypes (i. e. present in a patient) and 'non-diabetic' haplotypes (i. e. present only in non-affected individuals) of our families with Type 1 diabetes. The segment B7, BfS, DR2 was found in six out of 23 'diabetic' (26%) and in 17 out of 54 (31%) 'non-diabetic' haplotypes. However, the whole haplotype A3, Cw7, B7, BfS, DR2 present in ten out of 54 (19%) of 'non-diabetic' DR2-positive haplotypes, was found in only one of the 23 (4%) DR2-positive 'diabetic' haplotypes.
Discussion
In both population and family studies, the excess of DR3 and DR4 alleles among Type I diabetic patients is the main problem in answering the question of whether the deficit of DR2 is a specific one, i. e. due to a protective effect of this allele, or the non-specific counterpart of the increase of DR3 and DR4. In favour of this latter hypothesis is the observation that two other alleles (DR5 and DR7) were also found at lower frequencies, confirming the data of other investigators [4, 5, 7, 14] , although the decrease of DR2 was the most significant allelic decrease in the present and in all other series except one [14] .
On the other hand, the segregation analysis failed to demonstrate a specific distortion of DR2 transmission. DR2 was transmitted randomly not only to unaffected children, but also to those affected children whose parents carried DR2 in combination with alleles other than DR3 and DR4. Indeed, the reduced transmission of DR2 to affected offspring appeared, on the whole, to be due to the bias of over-transmission of DR3 and DR4 by parents bearing one of these alleles.
However, if neither population nor family analyses were able to demonstrate a specific protective effect of DR2, several lines of evidence did suggest that DR2 in Type 1 diabetes could be heterogeneous: (1) When DR2 was analysed in its haplotypic combinations, the whole haplotype A3, Cw7, B7, BfS, DR2 found in 19% of 'non-diabetic' DR2-positive haplotypes, was almost absent from patient haplotypes (one out of 23, 4%) (2) . Serologic heterogeneity of DR2 has been suggested by the description of two splits showing a 'long' and 'short' pattern of reactivity [15] . We were not able to detect heterogeneity among our patients using local DR2 sera; this will need to be confirmed by testing patients and controls with sera from the 9th Workshop. (3) The Dw2 and Dw12 specificities carried by most DR2-positive normal subjects were absent in the Type 1 diabetic patients of two studies [1, 11] . However, this was not confirmed in another series [4] . Therefore, the possibility of a 'protective' DR2-Dw2 haplotype [12] remains open to question. (4) DNA restriction fragment analysis with a/3-DC probe in DR2-positive individuals [16] has demonstrated heteroteneity of this genetic region, as a fragment present in control subjects and patients with multiple sclerosis was lacking in all Type I diabetic patients studied. Confirmation of this finding would allow a distinction to be made between 'protective' and 'nonprotective' DR2 haplotypes. More studies are needed to determine whether this fragment is correlated with one of the above-mentioned hypothetical variants. The mechanism by which the supposed 'non-protective' variant of DR2 confers susceptibility to Type 1 diabetes is still a matter of speculation.
In the case of the combination of DR2 with DR3 and DR4, a one-dose mechanism of susceptibility can be assumed. However, nine out of 20 patients (45%) in our series carried neither DR3 nor DR4, and among these one DR2-homozygous patient is worth mentioning. The question of whether they represent a heterogeneous group from a pathogenetic point of view remains open. The hypothesis proposed by Bach et al. [12] , assuming the involvement of a resistance factor very frequently associated with DR2 but rarely with DR3 and DR4, could account for the present results.
